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EXECUTI VE SUMMARY

The second annual workshop on Naval Applications of Machine Learning (NAML) was held
February 1B15, 2018, at the Space and Nawarfare (SPAWAR) Systems Center Pacific (SSC
Pacific), a U.S. Navy research laboratory in San Diego, California, USA. The workshop events
included invited speakers, demonstrations, discussion sessions, and oral and poster presentations. The
workshop cechairs were Josh Harguess and Katie Rainey, both from SSC Pacific. The poster
presentationsvere coordinated by Chris Ward also from SSC Pacific. This report discusses the
motivation, goals, and impact of the workshop and highlights some of the topiced:dv@tso
includes photographs taken at the workshop, the full agenda, and abstracts describing many of the
oral and poster presentations.
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1. INTRODUCTION

1.1 OVERVIEW

Thisreportis a recounting of the 2018 Naval Applications of Machine Lear(hg\VIL )
workshop and i@mpacts. Theeportis organized as follow#fter providing an overview of the
NAML workshops conductedgection 2 gives a brief background and the motivation behind NAML.
Section 3 gives an overview topics presented at the NAML workshop and a discussion a few selected
preentations fronthe workshop in further detail. In Section 4 we conclude the report by discussing
the impact of NAML and future plans for the event. The appendices contain photographs from the
workshop(Appendix A) the workshop agendappendix B) and ful abstracts from the talks and
postergAppendix C)

1.2 HISTORICAL FRAMEWORK

MachineLearning(ML) and artificial intelligence (Al) are rapidly accelerating fields, with
estimated investments into Al startups alone of more than $6 billion over the lasteared]. The
importance of ML and Al with respect to national security has recently been underscored by the
creation of the Joint Al Center (JAICQ][ whose goal is to have oversight over almost all service and
defense agency Al efforts and to estabtish mmon fAst andards, tools, shar
technol ogy, processes, and expertiseo for the
on NAML has been organized and hel&aace and Naval Warfare Systems Cer8&( Pacific
twice in the past two years with similar goals to the JAIC and has been seen as a great success in at
least starting the conversation in each of the stated goals of the JAIC. This article discusses the
motivation, goals, and impact of NAML and higyhts some of the topics covered.

SSC Pacific conducts research and development in supdategfated Command, Control,
Communications, Intelligence, Surveillance And Reconnaissd8By, cyber, and space systems
across all warfighting domains. Theséssion areas contain a multitude of applications for machine
|l earning, and SSC Pacificbébs community of machin
for the past several years.

SSC Pacific hosted fit&NAML workshop in January, 2017, with the intention of showcasing the
work of the machine learning community to a mostly internal audience. As interest grew,
participation expanded to other Department of Defaifkated laboratories, academia, and
industry. The workshop chairs were surprised and encouraged by the large variety of people
supporting the Navy in solving problems in these areas. The request for participation for the 2018
workshop was senbd a broad audience. Throughgroved publicity angnore advanced planning (in
addition to the explosion of interest in machine learning), attendance increasfedtteweer the
2017 workshop, to nearly 400 peopdee Appendix A
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2. BACKGROUND AND MOTIVATION

As prevbusly mentioned, interest in ML and Al is accelerating and the establishment of the JAIC
is the DoD6s first step in officially recogni zi
building and maintaining the ML and Al communities within the D@be NAML workshop was
one of the first events to provide visibility into ML and Al projects within the Navy and DoD, and no
other venue has had such a large and varied audience in attendance. Most projects in ML and Al
within the DoD are very small, wittommon budgets from $100,000 to $500,000 per yehtesams
of only one to four pgale. Collaboration opportunities can help researchers on small projects
maintain awareness of other related efforts to avoid duplicating efforts and to accelerate their
progress. NAML provides a venue for sharing research ideas and results in ML and Al to the broader
Navy and DoD communities to provide support to researchers who most likely work on smaller
projects with littleto-no DoD-wide visibility.

DoD research effortare often shared at outside venues such as industry and academic
conferences. But there are many unique requirements when applying machine learning to Navy and
DoD needs. Data availability and operating conditions, for example, may be significantlydiffere
than in industrial applications. The NAML workshop provides a forum at which to discuss
approaches to some of these challenges with an audience closely connected to the Warfighter. The
goals of NAML are to spread awareness of current machine learsegycé relevant to Navy
applications, to connect machine learning researchers with experts in Navy needs and requirements,
and to build and strengthen collaborations within the DoD research community.

Most of the work presented was at the unclassifiedj@uloeleasable level; however, NAML
also provides a unique venue for attendees to discuss their work at higher classification levels, which
is very uncommon at other venues.
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3. WORKSHOP OVERVIEW

TheNAML workshopwelcomedparticipantdrom dozensof organizationsvithin theDoD,
includingmanyof thelaboratoriesn the NavalResearclandDevelopmenEstablishmenfNR&DE),
aswell aslaboratorieandcommandsinderthe Army, Air Force Marine Corps,andintelligence
Community. Therewerealsoattendeefrom industry,includingtraditionaldefensecontractorsand
othercompaniesfrom universitiesanduniversity-affiliated researcltentersandfrom federally
fundedresearclanddevebpmentcenters.

TheworkshopgenerathairswereJoshHarguessindKatie Rainey.The postersessionwas
chairedandcoordinatedy ChrisWard. The sessiorchairswereJamieLukos,Mike Walton,John
ReederBenMigliori, andKimberly FergusoAwalter(NationalSecurityAgency).Theroundtable
discussiongindtutorialswereled by JustinMauger, BenMigliori, ChrisWard,JohnReederKristin
Lauter (Microsoft Research)Tom SchlosserJoeDrobick, Mark Iversen JohnnyPhan Richard
PhippsLCDR Niels Olson(NavalMedicalCenterSanDiego),Luke Overbey(SSCAtlantic), Doug
Lange Keith Anthony(NASIC), Erin Daly, andMark Owen.All workshopchairsandfacilitators
werefrom SSCPacific, exceptwherenoted.

3.1 AGENDA HIGHLIGHTS

Theworkshop also featured three invited speakers. David Aha from the Naval Research
Laboratorylt NRL) gave a talk titled fAiMachine Learning
Explainable Al . 6 Guna Seetharaman, atécwmres:fr om NR
Post Mooredés Law and Al / ML/ DL Era. Travis Axtel
Defense for Intelligencgave a talk titled Al Ignition, in which he discussed Project Maven, an effort
which is providing computer vision algorithms forjett detection, classification, and alerts in video
and still imagery.

The main program consisted of short technical talks and poster presentations on wide variety of
topics related to machine learning. Most of the presenters shared current reseascim effiport
of Navy or DoD programs, while some discussed strategic considerations of the Navy with respect to
machine learning or related issues. The oral presentations were organized into sessions on the topics
of computer vision, autonomy, cognitiveeetronic warfare, algorithms and theory, and
cybersecurity. I n Figure 2 on pagiaspiedAlgBbeait Mi gl i
Topol ogy for Machine Learning. o Two additional
on an assortment topics. Thirtyfive short talks were given, and over 50 posters presented, all
selected from 110 abstract submissions. See Appendix B for the workshop agenda, and Appendix C
for abstracts of the presentatiobere are 78 abstracts provided in Apperilix

3.2 RESEARCH HIGHLIGHTS

The Navy acquires data from a wide variety of sensors, presenting many opportunities for
exploitationwith machine learning. Several researchers presented their work investigating ways to
analyze maintenance data to detect faulte @redict part life cycles. Conventional machine
learning methods are used on radar signals to identify behavior changes or to classify emitters.
Scheduling algorithms are applied to ship data from Navy ranges and to active sonar arrays. Several
other preenters also discussed their work with yet other distinctive data types of interest to the Navy,
including infrasonic waves, marine geologic data, atmosphere aerosol data, sswhridenar.



Other presentations were about work with data types whichoareon in work outside of the
DoD, but with Navyspecific targets or goals. Some examples include detecting or tracking
unmanned aerialehicles in video, autonomous swarm tactics, sentiment analysis in social media
data, classification afognitivemotor interaction tasks in muscle and brain activity data, and
network traffic classification.

Several presenters discussed milisrlevant datasets, including a computer vision dataset
collected in operational environments, and a setdifiensional point clads from Navy ships.
There was also a presentation onBadense Innovation Unit Experiment&1Ux) xView 2018
Detection Challenge3], including a publicly available satellitmagery dataset released by the RIU
and the National GeospatiltelligenceAgency (NGA).

The Navy is interested in fundamental questions about the capabilities and limitations of machine
learning. Several presentations discussed basic and applied research efforts and the ways in which
that research advances Navy goals. Someeoiviork presented was performed by students
supporting the Naval Research Enterprise Internship Program (NREIP) and the Science, Mathematics
and Research for Transformation (SMART) Scholarship for Service Program. There were also
presentations from sometofh e Navyés academic and industrial p

On the final afternoon of the workshop, several tutorials, demonstrations, and discussion sessions
were held in two concurrent tracks. Justin Mauger and Benjamin Migliori of SSC Pacific gave a
tutorial on topabgical data analysis and spiking neural nets (see Figanel Figure 4n Appendix
A). Kristin Lauter of Microsoft Research gave a tutorial on homomorphic encryption. Tom Schlosser
and Joe Drobick of SSC Pacific gave a demonstration of a suite of Ndafyarakion tools (see
Figures 3 and 4in Appendix A. Chris Ward of SSC Pacific demonstrated recent work on
microelectronickharacterization and analysis. Informal discussion sessions, intended to enable
attendees to meet one another and establish crdkidiws, were held on the topics of autonomy,
biologically-inspired machine learning, computer vision, cognitive electronic warfare, cybersecurity,
and predictive analytics. While several discussion sessions this afternoon were open only to restricted
audences, the rest of the workshop was held at the unclassified level and was open to all attendees.

Thefollowing aresomeselectegresentationfom theworkshop.

DeanLeeof SSCPacific presentedi A p p | i af MachineLeasningwith V-22Operational
Data. o

In his work he applies machine learning and data mining to predictive maintenance fe22he V
program [4].

Jennifer Williams of Naval Undersea Warfare Center (NUWC) Keyport Division and Emily
Nystrom of SPAWAR Systems Center Atlantic presented therk on obsolescence management in
two talks titled AApplying Machine Learning and
AApplications of Random Forests for Modeling Ob

Andrew Christianson of Naval Surface Warfare CeMSWC) Crane Division presented a talk
titled AClIlassification of Radar Signal sbo

[5] ., w
work on AEl ectronic Warfare Activity Recognitio
Work by Sandy Kelly of NUWC Keyport Division and Thomas Powersefuniversity of
Washington looked at optimization and scheduling for Navy missions in two presentations titled
ASupport Vessel Scheduling for Pacific Northwes

Case Optimization with Applications to Multistat Act i ve Sonar Arrays. o



Finally, two presenters focused on underwater applications of machine learning. First, Warren
Wood of NRL, Stennis Space Center, MS,
SeafloorProe r t i e s

[ 6] . 0 hSaercdotn do,f DSashG eH a cGefbi ¢
for Naval Mi nes with Deep Neur al

presente
presente
Net wor kso [ 7]
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4. CONCLUSION

4.1 IMPACTS OF NAML

Impacts of NAML are severdbld. First, new collaborations between Navy and DoD researchers
were formed. These include a data collection fo
in realworld degraded environments between SSC Pacific, NRL, and Army Research Laboratory
(ARL). This collaboration will directly support a research effort at SSC Pacific to better understand
the effects of realvorld data on motion estimation from image8y9]. Another new collaboration
was a research proposal on topological data analysis betmathematicians at SSC Pacific and
NRL. Additionally, to meet the demands of datarved machine learning algorithms and the lack of
relevant annotated data, a collaboration between NR&DE laboratories was formed to build and
maintain a data repositoryrfetoring and sharing large datasets between the NR&DE and the larger
Navy and DoD communities. Second, the meeting satisfied its main motivation, which was to
provideanavenue for Navy and DoD researchers to present and participate in discussions on the
applications of machine learning to relevant problems and datasets. While there are other venues to
present this type of wor k, NAMLOGs audience i s Vv
DoD researchers vice other venues with mostly acadenmclostry attendees. The third and
possibly most important impact of NAML is the establishment of a grassilages Community of
Interest(Col) around the topics of machine learning, computer vision, and artificial intelligence.

It is our intention to caimue holding the NAML workshop annually at SSC Pacific, although with
a few potential changes and additions. First, due to the popularity and limited space for the event, we
will steer the workshop towards specific technology and problem areas for thehthaccept
abstracts in those areas instead of opening the workshop to any application of machine learning. For
instance, there was a lot of interest in the use of machine learning on cyber problems, so we will plan
to hold a session focused on that afecond, we plan to hold smaller, more focused workshops
whose goal is to tackle, or at least make progress, on a specific problem within the Navy. We hope to
have researchers from other Navy labs and organizations lead these workshops and repont back the
findings to the larger NAMlaudience each year. At this point, we are planning to run and hold the
third annual NAML workshop again at SSC Pacific in February, 2019. For more information or to
add your name to our mailing list to be notified about ugngravents, please visit our website

4.2 SUMMARY

SSC Pacific organized and ran the second annual workshop on Naval Applications of Machine
Learring (NAML) on February 1815, 2018. The event was walttended and was largely
considered a great success. Tlapgr is an attempt to summarize the event, impact, and future plans.
Many new collaborations were spurred from the event as well as fostering of continuing
collaborations.

4.3 FUTURE PLANS

We plan to continue organizing the workshop annually and holdinggB@&tPacific every winter,
with the addition of specialized and more focused workshops to be held between the annual events.
Events such as this are crudatthe communication of ideas, problems, and solutions between
researchers in labs around the Nawmg DoD and other organizations.

1 https://sites.google.com/go.spawar.navy.mil/nami2018/
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APPENDIX A
NAML PHOTOGRAPHS

A.1 OVERVIEW
Appendix A containsix figures that feature attendestNAML 2018.

A.2. VARIOUS PHOTOS TAKEN

A.2.1 ATTENDEES WELCOME

Figure A-2. Lee Zimmerman welcomes attendees to NAML 2018.



Figure A-3. Selected images from the NAML 2018 poster session.

A.2.2 NAML 2018 TUTORIALS AND DEMONSTRATIONS

Figure A-4. Ben Migliori presents his work on bio-inspired ML to NAML 2018.

A-2



Figure A-5. Justin Mauger leads a tutorial on topological data analysis.

Figure A-6. Tom Schlosser and Joe Drobick lead a demonstration on Navy collaboration tools.

A-3
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APPENDIX B
NAML 2018 AGENDA S

B.1 WORKSHOP AGENDA
This section containdAML workshop agendadistributed to attendees

B.2 AGENDA DETAIL

The agenda for Tuesday, February 13, 2018 and Wednesday, February 14, 2018 is detailed in
Figure B1:

NAML 2018 Agenda

Second Annual SSC Pacific Workshop on Naval Applications of Machine Learning 2018
Auditorium, Bldg. A33, Topside, SSC Pacific, Point Loma, San Diego, CA
General Chairs: Dr. Josh Harguess & Dr. Katie Rainey (miworkshop@spawar.navy.mil)
This agenda is available online at
https.//sites. google.com/go spawar.navy.mi/nami2018/agenda

Tuesday, February 13, 2018

Time (Pacific)
730 Collee/Breakfast/Check-n
815 Lee Zimmerman Technical Dwector, 8SC Pacife Intreduction
8.20 David Aha Naval Research Laboratory  Keynole Machine Learing in the context of Gosl Reasoning and Explainable Al
Naval Research and Development | (Session Chailr: Jamie Lukos)
9:20 George Galdonsi §SC Pacific The Strategic Landscape in 2018
9:40 Larry Venetsky NAWCAD Automatic Generation of Test for Avionics
10:00 Break
10:40 Dean Lee 85C Pacifc Applications of Machine Leaming win V-22 Operational Data
11°00 Luke Overbey §5C Atlante Measuring the Confidence of Santimant Analysis Results on Social Media Data
1120 Edwin D'Souza Leidos /| NHRC Text Mining Unstnuclured Dala in the Electronic Medical Re cord
11.40 Mask Bidnski S5C Pacilic Analysis of 30 Ponlclouds of USN Ships

12.00 Lunch/ Posters
Computer Vision (Session Chair: Mike Walton)

14.00 Mikel Rodriguez The MITRE Corporation Harnessing Machine Learning for Global Discovery at Scale

14:20 Arslan Basharal Klitware, Inc. An Unsupervised Approach lo Small Target Detection at Distance

14:40 Adam Van Etten In<Q-Tel Road Network Detection and Routing Via Satelite Imagery

15:00 Arthur Lobo NSWC Crane Deep Neural Network Datection and Classfication of Group | UAS

1520 Break

1540 Virginia Goadwin MIT Lincoln Laboratory Practical Applications of State-of-the-Arl Neural Networks to Surveilance Systems

16:00 Sam Dooley NGA xView: Objecis in Contax! in Ovarhead Imagery

1620 Keith Sulkvan NRL Miitary Relvart Dalasot

1640 Alexol Baslidas ntel Exploting Non Visible Bands in Mull Channel Sateliite imagery for Semantc
Segmentaton

17:00 Adjourn

17:30 Happy Hour

Wednesday, February 14, 2018
7:30 Coffes/Broakfast

8:20 Guna Seetharaman Naval Research Laboratory Keynote: Computing Architectures: Post Moore's Law and AIML/DL Era
Autonomy and Cognitive Electronic Warfare (Session Chair: John Reeder)

9.20 John Reeder 88C Pacific History of Machine Leaming / OF Fensive Swarm Enabled Tackes (OFFSET)
10:00 Break
10:20 Tyler Fitzsimmons NEWC Crane Machine Learning for Optcal Warfare
10:40 Andrew Christianson NEWC Crane Machine Learning Approaches to Classifying Radar Signals
11:00 Gabrielle Robartson The MITRE Corporation Effacts of Signal P '9 on Automatic Ci
11:20 Lavanya lyer NAVAIR Analytice and Machine Learning for Rapid. Insightiul Multi-Sensor Analysis
11:40 Aaron Ma ucso Dynamic Domain Reduction for Multi-Agent Planning

12:00 Lunch/ Posters
Algorithms and Theory (Session Chair: Ben Miglion)

14:00 Donald Sofge NRL Betdnspied Echolocation for Terrain Classfication
14:20 Tegan Emerson NRL Topology of ;P Images for Di g Cless Besed Network
Structures
14:40 Salvador Venegas-Andraca  Tocnologico de Monterrey An Introduction to Quantum Machine Learing
16:00 Sunny Fugate 85C Pacific Dofensive Cyber Deception using Autonomics, Game Thoory, and Online Learning
16:20 Break
Cybersecurity (Session Chair: Kim Ferguson-Walter)
15:40 Ahmad Ridley Department of Defense Learning for Cyber Defense
16:00 Lena Pons SEI Modeling  Mission-Aware Prioritizstion Schame for Cyber Incidents
16:20 Ralph Crosby SSC Atlantc Classfficetion of Network Transactions Using Recurrent Neural Networks
16:40 Justin Beaver Oak Ridge National Laboratory Qak Ridge Cyber Analytics (ORCA). A Network Traffic Classification Engine
17:00 Adjourn

17:30 Happy Hour

Figure B-1. NAML 2018 Agenda.



The agenda fofhursday February B, 2018 is detailed in Figure-B

NAML 2018 Agenda

Thursday, February 15, 2018
7:30 Coffee/Breakfast

8:20 Travis Axtell QusD() Keynote: A.l. Ignition
Naval Research and Development Il (Session Chair: Jamie Lukos)
9:20 Brock Christoval PEO WS An Integrated Data Strategy Approach
9:40 Ben Migliori SSC Pacific Biologically-Inspired Algebraic Topology for Machine Leaming
10:00 Break
10:20 Sara Melvin NSWC Port Hueneme /UCLA  Event Detection and Summarization using Phrase Networks
10:40 Roger Lamb NSWC Dahigren il M Ab D and R Engine (IMADRE)
11:00 George Campbell SSC Atiantic Feature Sel for High-Di Class Imbal d Data
11:20 Jennifer Willlams NUWC Keyport Applying Machine Learning and Data Mining to Obsolescence Management
11:40 Lunch
Roundtable Discussions
The Thursday aft are an exp in making the NAML workshop an actual workshop. We hope that you will take the
attemoon to talk with your fellow attendees about the ideas discussed at NAML and begin to form collaborations. We have several demos scheduled, as
well as discussion groups aimed to gather people who are i din a particul hnical area but which are otherwise unstructured. If none of the
scheduled groups interest you, feel free to gather your own di ion group in th ditorium, front lobby, or 4th floor veranda.
Location
13:00 Session 1 A33/CCOF Topological Data Analysis and Spiking Neural Nets Demo
Leaders: Justin Mauger, SSC Pacific. Ben Migliori, SSC Pacific
A33/2424 Micro Ele: Cl ization and Analysis Demo
Leader. Chris Ward, SSC Pacific
A33/1425 Autonomy Discussion Group
Leader: John Reeder, SSC Pacific
A33/ColL Homomorphic Encryption Demo
Leader: Knstin Lauter, Microsoft Research
Bldg 81/ Library Navy Collaboration Tools Demo
Leader: Tom Schlosser, SSC Pacific
A33/ Auditorium Open
A33/2028 Military Applications of Machine Leaming

Open to government personnel and support contractors only
Leader: Mark Iversen, SSC Pacific

A33/4100 Closed Session Keynote
Open to pre-registered attendees only
Leader: Travis Axtell, OUSD(1)
14:00 Break
14:15 Session 2 A33/CCOF Biol lly-Inspired Leamning Di ion Group
Leaders: Justin Mauger, SSC Pacific; Ben Migliori, SSC Pacific
A33 /2424 Computer Vision Discussion Group
Leader: Chris Ward, SSC Pacific; Keith Sullivan, NRL
A33/1425 Cogr El Warfare Di lon Group
Leader. John Reeder, SSC Pacific
A33/Coll Cybersecurity Discussion Group
Leader: Johnny Phan, SSC Pacific; Richard Phipps, SSC Pacific
Bldg 81/ Library Biological and Medical Research Discussion Group
Leader: LCDR Neils Olson, NMCSD
A33/ Auditorium Predictive Analytics Di ion Group
Leader: Luke Overbey, SSC Atlantic
A33/2028 SSC Pacific Vision
Open to government personnel and support contractors only
Leader: Doug Lange, SSC Pacific
A33/4100 Closed Session Discussion Group
Open to pre-registered attendees only
Leader: Kimberly Ferguson-Walter, NSA; Mark Owen, SSC Pacific; Keith Anthony, NASIC
1515 Adjourn
15:30 Bonus Session A33/2028 Naval R&D Enterprise Collaborative 219 Proposal Discussion

Open to government personnel and support contractors only
Leader: Chris Chen, SSC Pacific; Michael Walton, SSC Pacific

Figure B-2. NAML 2018 Agenda, Roundtable Discussions.
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The agenda fofuesday February B, 2018Poster Sessions detailed in Figure 8 and Figure
B-4: Figure4 shows the acronym list provided to the NAML attendees.

Figure B-3. NAML 2018 Agenda, Poster Session 1.






